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Abstract 
As part of their corporate strategic action, PT X has divested one of their hotel business in Bali, they planned to invest the cash 
generated to several real estate development projects in Indonesia. This research expect to formulate a decision model that can be 
applied to this type of project selection problem. The project selection process might involve several criteria such as financial 
performance, market potential, risk level, and social benefit, making it suitable to apply the multi-criteria decision analysis 
approach in order to construct an outranking relations among alternatives under consideration. The selection process also under 
an uncertainty of future events, which require special step to let the decision model absorb it. Therefore, the Monte Carlo 
simulation is conducted after the financial modelling on each alternatives to address the uncertainty factors. The final portfolio 
selection process is done via Integer Programming and completed with the sensitivity analysis to see the behavior of the final 
decision when some parameters are changed. This approach gives the decision maker a sound decision making model that can be 
useful for them in selecting the projects to be included in their real estate portfolio. The research found out that using the multi 
criteria method in the selection process has a different outcome compared to using only the financial values as the selection 
criteria. However, the financial criteria are still found to be the more important criteria. Overall, the model built in this research 
has been successfully implemented in the decision making process in PT. X. The decision model will also suitable to be applied 
for manufacturing industry that frequently encounter project selection problem. 
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1. Introduction 
Divestiture is a common practice in a strategic level corporate action when a company decides to sell an existing 
business. Divestiture action is taken on several motives. One of those motives is to obtain funds where the business 
is sold in exchange of cash [1]. The cash can then be used for company’s needs such as debt settlement, operational 
expense, reinvestment, and any other needs. In this research we discuss on the cash gained from divestiture to be 
used for reinvestment action. Reinvestment is done by putting the cash on some new in-vestment instruments or 
alternatives with the expectation of gaining better profit compared to the profit generated by retaining the divested 
business. 
The problem of reinvestment can be considered as a portfolio selection problem where instead of investing in one 
investment alternative company can consider several alternatives to be included in their portfolio. The selection 
process is done in order to find the best combination of investments that will satisfy the aspiration of the company. 
This type of problem is first brought up by Markowitz who suggested that in determining the al-location of funds, 
investors should base their judgment on the trade-off between risks and returns [2]. To choose what alternatives to be 
included in the portfolio, one must know how good an alternative is when compared to the others, these data can be 
expressed in an outranking relations among the alternatives. 
Construction of the outranking relations is usually solved using a single criterion that is profit-oriented in-stead of 
multiple criteria of both quantitative and qualitative [3]. However, the process of portfolio or project selection may 
involve multiple and might be conflicting criteria. Thus the paradigm of multi-criteria decision analysis can give 
support to this decision making process [4]. The multi criteria paradigm gives the decision maker a tool to 
aggregately scoring the alternatives and construct an outranking relations based on the aggregated score. 
Portfolio selection problem usually found by companies in the strategic level decision making where the board of 
directors are faced by alternatives to invest their money into. At a glance, the portfolio selection process are usually 
made in an uncertainty conditions. The uncertainty of future conditions that may have impact on the return need to 
be addressed properly in throughout the process. Shaksi-Niaei (2011) acknowledged that only a little attention has 
been paid by previous researchers to this matter [5]. 
This condition also encountered by the real estate industry player. Real estate industry in Indonesia is considered 
growing rapidly which make it more and more interesting for companies to invest in. The growth is driven by the 
fact that Indonesian economic are growing steadily and the demand for real estate products are escalating in line 
with the economic growth. Hence, the challenge for the real estate player is to be able to select the most profitable 
property development projects across Indonesia.  
Some financial indicators can be used as selection criteria such as net present value, internal rate of re-turn and 
profitability index. By combining these criteria with some qualitative criteria such as market potential, social benefit, 
and risk level, the decision model should be able to analyze the problem in a more realistic way. By using these 
criteria, the decision model must also be able to provide an objective model to forecast the revenue and cost of each 
alternative to obtain the value for the financial indicators. The objective of the research is to design a decision model 
that can utilize financial modelling as a more objective source of financial indicators data as the input for the multi 
criteria decision making using Promethee and combined with Monte Carlo simulation to absorb the uncertainty that 
may impact the final decision. 
Further discussion on the research model is discussed in the next section. The third section discussed about a 
practical case where the model can be exercised. The calculation results are presented in the fourth section followed 
by the analysis on the fifth section. The last section covered some basic conclusions and suggestions for future 
researches. 
2. Literature Review 
Project portfolio selection is an attractive topic to be discussed among researchers for more than 40 years because 
of the challenging nature of the issue and it also has a wide impact on a wide range of practices [6]. The research on 
project selection can be categorized based on the two perspectives: fields of applications and solution methods. 
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Shaksi-Niaei, et.al [5] mentioned that the project selection can be applied in a wide variety of fields including 
manufacturing strategies selection, telecommunications technology selection, microcomputer applications selection 
for hospital management and many other applications. On the solution methods, project solutions have continuously 
evolving from a traditional approaches using mainly quantitative tools such as discounted cash flow, net present 
value, return on investment and payback period to a more comprehensive decision models that also consider 
qualitative criteria and address the issue using a multi criteria decision making approaches. 
It is recognized that there is inherent uncertainty when determining the input for the decision models i.e. 
performance values and criteria weight. However, these uncertainties seem to get a little attention from researchers. 
Budget uncertainty was considered by Li when analysing a highway investment decision [7]. Wey addressed the 
uncertainty on the chance of success and the efficient allocation of project team in urban renewal project selections 
[8]. Shaksi-Niaei, et.al [5] also addressed the uncertainty in their model by including the Monte Carlo simulation in 
their decision model but the main input for the model i.e. performance value is still using a subjective approach from 
the decision makers opinion. 
This research tried to reduce the subjectivity of the performance values input by developing a financial model on 
the alternatives which provides a more objective valuation of the investments alternative. The real estate project 
selection bears its own uniqueness for the division of assets into retained assets and non-retained assets. The 
complexity of creating the financial model increases as the practice of selling prior to construction which need to 
comply to government regulations on the income and cost recognition. 
This research realized that the major uncertainty factor is on the costs growth factor which includes labor costs, 
building material costs, land acquisition costs, etc. These costs are beyond company’s control, thus the monte carlo 
simulation is designed to address this issue in order to give the decision makers a clearer picture of the financial 
performance of the alternatives. 
3. Research design 
The research constructs a decision model by following the workflow shown in Fig. 1. Some details are 
highlighted as followings.  
3.1. Preliminary study and problem definition 
The preliminary study is needed to identify several things that are required by the decision model such as: 
a. Alternatives: a detailed information on all alternatives must be obtained so the research can exploit any 
data that is considered necessary for building the financial model to calculate the financial indicators of 
the alternatives. 
b. Decision Makers: as the selection problem is at strategic level, the decision makers must have a strategic 
level position in the company so the data obtained from these decision makers can be considered valid 
for they were made based on their expertise and experiences. 
c. Criteria Weights: the criteria predetermined by the decision makers need to be ranked based on the 
importance of each criteria toward the final selection. This rank can then be translated into weight where 
the most important criteria will weigh more than the other criteria. 
d. Qualitative Assessments: as the model utilize the qualitative criteria on the selection process, the 
decision makers must provide the qualitative assessment on each alternative for each criteria.  
 
3.2. Financial modelling 
For real estate development project, it seems financial indicators such as net present value, internal rate of return, 
and profitability index are included as the selection criteria. Finding the score (value) for the alternatives requires a 
financial modelling to construct a pro-forma financial reports including income statement, balance sheet and cash 
flow statement. These reports are then used to calculate the free cash flow for each alternative which will enable the 
research to calculate the score (value). 
561 I. Made Ronyastra et al. /  Procedia Manufacturing  4 ( 2015 )  558 – 567 
 
Fig.  1. Research workflow 
3.3. Outranking relations construction 
One of the most widely used outranking method for application involving the portfolio problematic is 
PROMETHEE [9]: 
x The possibility to use different preference function for different criteria, 
x Perfectly intelligible for the decision makers [10], 
x More stable when some small deviation of parameters are introduced this is very useful when analyzing a 
decision based on a pro-forma data which is highly under uncertainty [11]. 
 
Promethee is based on developing a preference function ௝ܲሺܽǡ ܾሻwhich is a function of the difference ( ௝݀ ) 
between the ratings of two alternatives for every criterion (j). The difference is calculated as ௝݀ ൌ ݂ሺܽǡ ݆ሻ െ
݂ሺܾǡ ݆ሻwhere ݂ሺܽǡ ݆ሻ  and ݂ሺܾǡ ݆ሻare the rating given to alternative a and b in relations to criteria j. Then the 
preference is projected to a specific preference function that predetermined for each criterion type. Some preference 
function may require a predetermined preference threshold (p) or indifference threshold (q) or both. 
In order to create outranking relations, after the computation of ௝ܲሺܽǡ ܾሻ, the values need to be converted into the 
multi-criteria index ςሺܽǡ ܾሻ which is the average of preference functions and considering the weight assigned to 
criterion j (wj) as described in the following equation: 
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ςሺܽǡ ܾሻ ൌ σ ௪ೕ௉ೕሺ௔Ǥ௕ሻ
಻
ೕసభ
σ ௪ೕ಻ೕసభ
      (1) 
After the computation of multi criteria index then the two outranking indices can be defined as: 
߶ାሺܽሻ ൌ σ ςሺܽǡ ܾሻ஺ ; (the positive flow)     (2) 
߶ିሺܽሻ ൌ σ ςሺܾǡ ܽሻ஺ ; (the negative flow)     (3) 
The positive flow measures how much alternative a is dominating the others while the negative flow denotes 
how much alternative a is dominated by the others. Then the outranking relations is constructed by sorting the 
alternatives based on its net flow: 
߶ሺܽሻ ൌ ߶ାሺܽሻ െ ߶ିሺܽሻ      (4) 
Realizing that the input for PROMETHEE calculation, i.e. the financial indicators, are based on some estimated 
values, then a simulation of these value is done to get the knowledge of impact on the outranking relations behavior. 
The simulation result are then used to construct the final outranking relations which is considered already absorb 
uncertainty during the financial modelling process. The final outranking relations is constructed by solving the 
assignment model: 
Maximize ܼ ൌ σ σ ௜ܲ௝ݔ௜௝௝௜          (5) 
Subject to   σ ݔ௜௝ ൌ ͳ݅ ൌ ͳǡʹǡ ǥ ǡ ݊௝  (Only 1 rank for each alternative) 
σ ݔ௜௝ ൌ ͳ݆ ൌ ͳǡʹǡ ǥ ǡ ݊௜  (Only 1 alternative for each rank) 
ݔ௜௝ א ሼͲǡͳሽ 
Where : Pij: the probability of a project i can achieve rank j during the simulation 
௜ܲ௝ ൌ ே௨௠௕௘௥௢௙ூ௧௘௥௔௧௜௢௡௦௧௛௔௧௣௥௢௝௘௖௧௜௛௔௦௔௖௛௜௘௩௘ௗ௥௔௡௞௝்௢௧௔௟௡௨௠௕௘௥௢௙௜௧௘௥௔௧௜௢௡௦        (6) 
xij = 1 denotes that the overall rank of project i is considered as j. 
3.4. Integer programming for final portfolio selection 
The final outranking relations from the previous steps are then used as input data for the final portfolio selection 
through solving an integer programming model: 
Maximize  ܼ ൌ σ ܽݏ௜ݔ௜௡௜ୀଵ         (7) 
Subject to:  
Budget Constraint: σ ܥ௜௡௜ୀଵ ݔ௜ ൑ ܾݑ݀݃݁ݐ 
Binary Constraint: ݔ௜ א ሼͲǡͳሽ 
The augmented score (asi) for one project (xi) has the property that none combination of projects which are lower 
in the rank and have lower budget than xi can have an augmented score greater than xi. This is to avoid bias 
encountered by a knapsack problem that tend to choose project with lower cost [12].  
4. Case study 
PT. X Tbk, is an Indonesian public limited company which focuses on property and real estate business. They 
are an integrated property company with three business units namely City Property, Landed Residential, and Hotels 
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and Resorts. PT. X Tbk has just divested one of their hotels and resorts businesses in Bali which they consider it as 
better to be sold than retained. From this divestiture action the raised Rp. 1.7 Trillion of cash that can be used in 
several landed residential project in Indonesia. There are four alternatives to be considered in the selection process 
with data summarized in Table 1. 
Alternatives Data 
Lampung  
(X1) 
Sawangan 
 (X2) 
Karawang 
(X3) 
Cirebon 
(X4) 
Area (Ha) 550 23.2 7.7 615 
Initial Outlay (Rp. Bio) 1067 400 150 200 
Usage Adventure Center Residential SOHO/Ruko Commercial 
  Golf Resort Hotel SOHO/Ruko Warehouse Residential 
  Resort Home Apartment Hotel Industrial 
  Golf Residence & Villas Mall     
  Marina Residence & Villas Sengon Plantation     
  Commercial Area       
  Mixed Used Comm & Res       
  Golf Resort Hotel 2       
  The Jungle Sea 1       
 
In the selection process, the decision makers are considering to use six criteria. After analyzing the degree of 
importance of each criteria, the weights assigned using Borda’s method and summarized in Table 2. 
Table 2. Initial data for Promethee 
Criteria 
Objective 
Function Weight 
Preference 
Type 
Thresholds Alternatives' Score 
Units 
Indifference 
(q) 
Preference 
(p) Lampung Sawangan Karawang Cirebon 
NPV  Max  30.7%  Linear                60      891.50      340.02      287.80      372.54   Rp. Bio  
IRR  Max  28.0%  Linear  4% 20.14% 17.93% 41.29% 35.36% % 
PI  Max  13.3%  Linear           1.40          1.84          1.85          2.92          2.86  times 
Market 
Potential  Max  14.7%  Quasi                   1            4.8            7.8            6.8            5.2   rating  
Risk Profile  Min  8.0%  Quasi                   1            6.2            3.4            4.2            6.0   rating  
Social Benefit  Max  5.3%  Quasi                   1              7.0            5.0            5.2            7.0   rating  
5. Data processing and result 
5.1. Financial modelling 
The financial modelling uses estimation of growth rate on two major data, i.e. selling price and construction cost. 
For cost growth, the estimator is the inflation rate while for price growth the estimator is the real estate survey result 
from Bank Indonesia. These data is then combined with secondary data provided by the company which includes 
selling price plan, construction cost structure and project schedule. The result of financial model summarized in 
Table 2. 
5.2. PROMETHEE outranking construction 
Before the PROMETHEE process, the decision makers provide the score of each alternative for the remaining 
qualitative criteria. The score are based on a 9 scale rating to express the decision makers’ judgment. The higher the 
Table 1. Summary of Alternatives’ Data 
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score means the higher the character of an alternative for the criteria. The final score is calculated by averaging 5 
inputs from 5 decision makers. The scores are then combined with the financial modelling result and become the 
input for PROMETHEE process as shown in Table 2. 
After the six pairwise comparisons table, an initial outranking relations based on net flow can be constructed as 
shown in Table 3 (note: best alternative is given rank of 4). 
Table 3. Initial outranking relations 
Alternative φ+ (x) φ- (x) φ (x) Ranking 
Karawang (X3) 1.50 0.99 0.52 4 
Cirebon (X4) 1.33 1.05 0.29 3 
Lampung (X1) 1.19 1.22 -0.03 2 
Sawangan (X2) 0.72 1.50 -0.78 1 
 
5.3. Monte Carlo simulations 
The Monte Carlo simulations is done by varying the estimated value for price growth and cost growth with 
1000 iterations. Each iteration create an outranking relations and the data are stored as in Table 4 so the final 
outranking can be constructed by exploiting this data for the value of Pij. The final outranking relation as in Table 5. 
Table 4. Monte Carlo simulation result    
   Table 5. Final outranking relations 
ALTERNATIVES (i) 
Rank (j) 
Lampung 
(X1) 
Sawangan 
(X2) 
Karawang 
(X3) 
Cirebon 
(X4) 
Rank 1 224 596 21 159 
Rank 2 497 106 89 308 
Rank 3 270 149 223 358 
Rank 4 9 149 667 175 
 
 
5.4. Integer Programming (IP) for Final Portfolio Selection 
The IP model use augmented score as the objective function coefficient. As observed in Table 5, the number of 
alternatives is relatively small, thus the augmented scores can be assigned naively by using the formula: 
ܽݏ௜ ൌ ʹሺ௥௔௡௞௜ିଵሻ       (8) 
Solving the integer programming as in (7) with budget constraint of 1700 billion (divestment result), resulting a 
maximum Z value of 14. This Z value is obtained by selecting alternative 3, 4 and 1 which means the optimal 
portfolio consists of Karawang, Cirebon and Lampung. 
Decison 
Variable 
(Xij) Alt (i) 
Rank 
(j) 
Initial 
Outlay 
(Ci) in 
Rp. 
Bio 
Augmented 
Score 
X21 Sawangan (X2) 1 
     
400  1 
X12 Lampung (X1) 2 
  
1,067  2 
X43 Cirebon (X4) 3 
     
200  4 
X34 Karawang (X3) 4 
     
150  8 
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6. Result analysis 
From the case study, it is reflected that the decision makers in PT.X seem to agree to put financial criteria in 
higher importance compared to those of qualitative criteria. In total, the quantitative criteria accounted for 73.3% of 
total weights indicated they are almost 3 times as important as the qualitative criteria. This implies that a financial 
feasibility study or financial modelling prior the selection process is essential to provide the decision makers 
significant inputs.  
 However, although seem less important, the qualitative criteria cannot be ignored to reach a quality decision by 
considering the more realistic nature of decision analysis. It is reflected in the result of Lampung, despite having the 
biggest score for NPV, it does not managed to become the best alternative because its score are not quite good for 
the qualitative criteria. 
For uncertainty addressing, the simulation has provided a simple way to absorb it related to outranking relations 
construction. The impact of changing the value of growth factor can be seen in Table 6 (the shaded area are when 
the NPV is positive). 
Table 6. Sensitivity analysis on Lampung’s NPV 
Cost 
Growth 
Price Growth 
4% 5% 6% 7% 8% 9% 10% 11% 12% 13% 14% 15% 16% 
1% -158 -79 5 98 198 308 428 560 705 865 1,040 1,234 1,449 
2% -165 -87 -2 90 191 301 421 553 697 857 1,032 1,226 1,441 
3% -172 -94 -10 83 183 293 413 545 690 849 1,024 1,218 1,433 
4% -180 -102 -17 75 175 285 405 537 682 841 1,016 1,210 1,425 
5% -188 -110 -25 67 167 277 397 529 673 832 1,008 1,202 1,416 
6% -196 -118 -33 59 159 269 389 520 665 824 999 1,193 1,408 
7% -204 -126 -42 50 151 260 380 512 656 815 991 1,184 1,399 
8% -212 -135 -50 42 142 251 371 503 647 806 982 1,175 1,390 
9% -221 -143 -59 33 133 243 362 494 638 797 972 1,166 1,380 
10% -230 -152 -68 24 124 233 353 484 629 788 963 1,156 1,371 
11% -239 -161 -77 15 115 224 344 475 619 778 953 1,147 1,361 
 
During the integer programming, changing the coefficient in the integer programming with augmented score has 
shown that in the final portfolio selection the rank of alternative is highly respected because none of the lower rank 
alternative can be chosen before the higher rank alternative. And since the constraint for the integer programming is 
only budget constraint, thus we can do the single parameter sensitivity analysis. The result of this sensitivity analysis 
is shown in Fig. 2.  
Fig. 2. Sensitivity analysis on the integer programming 
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7. Conclusions and further research 
This research has some practical implications such as: 
a. Criteria and Weight: this research identified some basic criteria for real estate industry in Indonesia which 
including financial performance indicators, and other non-quantitative criteria. The criteria weight assigned 
on this research implies that for a profit oriented company the quantitative criteria are considered more 
important toward the decision making process. 
b. Financial Modelling: this research can give the decision makers a more objective input regarding the 
financial indicators of the projects. The benefit of financial modelling that it is easily modified to learn 
about the impact of a change in parameters. The sensitivity analysis can also provide the decision makers 
with strategic decision options to countermeasure the cost increase. 
c. The decision model on this research has been implemented by the company, and it can also be used in the 
similar project selections problems. Furthermore, the decision model can also be applied outside the real 
estate industry. For example, for manufacturing industry when deciding machinery equipment selection. 
 
While for academician, the implications are including: 
a. This research can be the early research to the linkage among financial modeling, multi criteria decision 
making and simulation. This research provide researcher a better objectivity in assessing the financial 
performance of a real estate project while analyzing the decision in a multi criteria. 
b. This research provide Monte Carlo simulation as a tool to manage uncertainty on the decision making 
process. It is an effective and efficient tool for this purpose. The simulation should be conducted on the 
factors that beyond the company’s control. 
c. During the PROMETHEE, this research can give example on combining subjective expert judgment and 
objective financial performance assessment. The overall objectivity is increasing compared to those which 
only utilize expert judgment as the input for the multi criteria phase. 
There are several improvement that can be done as a starting point of future research. First, a research on a more 
detailed selection criteria so the model can capture a better perspective on the real estate problems. Second, research 
on the cost growth estimator. Instead of using general inflation data, it will be more accurate when using a real cost 
growth historical data from real estate industry. Third, for financial topics, a research can be conducted on sourcing 
for capital in order to enable the company to choose all the alternative. Fourth, further development into a decision 
support system software can help the model become more interactive and easier to be used by the decision makers. 
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